Background Optimization of perioperative fluid management is a controversial issue. Weight-adjusted, fixed fluid strategies do not take into account patient hemodynamic status, so that individualized strategies guided by relevant variables may be preferable. We studied this issue in patients undergoing pancreatic surgery within our institution. Methods All patients who underwent a laparotomy for pancreatic cancer during a 5-month period at our hospital (AOUI of Verona, Italy) were eligible to be included in this prospective, observational study. According to the responsible anesthesiologist's free choice, patients received, during surgery, either liberal (12 ml/kg/h) or restricted (4 ml/kg/h) fixed-volume weight-guided replacement fluids or goal-directed (GD) fluid replacement using stroke volume variation (SVV) determined by the FloTrac Vigileo device. Results Eighty-six patients were included: 29 in the liberal group, 23 in the restricted group, and 34 in the GD group. The mean duration of surgery was 6 [4-7] h. Patients in the liberal group received more perioperative fluid than those in the GD and restricted groups. Nearly one third of all patients had a major complication, including delayed enteral feeding, and presented a longer duration of hospital stay. Despite the biases related to our limited cohort, there were significantly fewer postoperative complications (such as postoperative fistula, abdominal collection, and hemorrhage) in the restricted and GD groups of patients than in the liberal one. Conclusion In patients undergoing pancreatic surgery, a restricted or individually guided GD strategy for management of perioperative fluids can result in fewer complications than a liberal fluid strategy. Larger and randomized investigations are warranted to confirm these data on this domain.
Introduction
Despite recent progress, major abdominal surgery continues to be shaded by high morbidity and mortality rates, representing a tough challenge for both surgeons and anesthesiologists. [1] [2] [3] [4] Various complications may arise in the postoperative period, but they all recognize common pathways related to low perfusion and tissue oxygenation with subsequent reduced microvascular flow, leading to organ dysfunction. 4 Optimal fluid management in the perioperative period remains a controversial issue. When a fixed-volume strategy is applied, at least in major abdominal surgery, a restrictive approach may be associated with fewer postoperative complications, less impairment of gut motility, and improved anastomotic healing. 5, 6 In contrast, some studies have suggested that more liberal Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11605-019-04166-4) contains supplementary material, which is available to authorized users. fluid administration may be associated with better outcomes, on the basis that occult hypovolemia often remains unrecognized. 7 These apparently conflicting results led to the suggestion that there may be a U-or J-shaped relationship between postoperative complications and the quantity of administered fluids. 8 An alternative strategy consists of fluid protocols based on hemodynamic targets, so-called goal-directed (GD) strategies, in which fluid administration is guided by flow-related parameters. 8 Indeed, standard parameters, such as blood pressure, heart rate, and diuresis, lack sensitivity and specificity to detect hypovolemia. 9 Bundgaard-Nielsen et al. analyzed the results of nine studies and showed that fluid optimization during the perioperative period using GD therapy guided by esophageal Doppler techniques was associated with more fluid administration and also better outcomes than other strategies. 10 In order to optimize surgical results and to minimize risks, fast-track protocols have been introduced for pancreatic surgery patient management. 11 Enhanced recovery after surgery (ERAS) protocols aim at optimizing patient surgical and anesthesiological management so as to enable both a more rapid recovery and a complication reduction, thus a cost reduction. However, the various studies on this topic differ in the duration and degree of surgical interventions and sometimes have poorly standardized therapies, making it difficult to compare the results.
To shed some light on this controversy, we compared the effects of three fluid administration regimens on the outcome of patients undergoing surgery for pancreatic cancer. Our hypothesis was that a fluid optimization strategy using a dynamic flow-related measurement would be associated with improved outcomes after prolonged and extensive surgical procedures, because such an approach provides more patient-tailored fluid administration than fixed rates of fluid infusion. We chose to study abdominal surgery for pancreatic resection because these are procedures with a relatively high risk of complications. We limited the study to one institution to reduce any potential differences in management between centers by having just one team responsible for the treatment.
Materials and Methods
This single-center, prospective, observational trial, included consecutive patien ts w ith A merican Society of Anesthesiologists (ASA) physical status I-II-III, who underwent a laparotomy for pancreatic cancer over a 5month period of time. Approval from the Institutional Review Board was obtained (884CESC) along with written informed consent from all patients. Pancreatic resections are highly standardized in our institution where more than 350 such procedures are performed every year (one to three patients/day in working days). Performing this study was of a purely exploratory nature (a picture of our daily activity); a formal sample size calculation was not performed, and we planned a 5-month-long recruiting period. Exclusion criteria were age less than 18 years, pre-existing renal failure (creatinine > 1.5 mg/dl), 2 liver dysfunction (liver enzymes > 50% of normal value), preoperative coagulopathy (congenital coagulopathy, von Willebrand disease, etc.), significant arrhythmias (atrial fibrillation or multiple premature contractions), congestive heart failure (NYHA III-IV), and pregnancy. In order to collect a cohort of comparable group of patients, only those who could have been submitted to pulse contour (PC) analysis were considered as eligible for the data recording procedure.
According to our institution intraoperative fluid therapy protocols and to the responsible anesthesiologist's free choice (based on personal knowledge, habits, and on the availability of the devoted material as one PC analysis device is present in the operatory room department), patients were managed intraoperatively according to one of the following protocols: liberal (L), restricted (R), and GD intraoperative fluids. All patients were allowed to drink clear fluid until 2 h before surgery. A single dose (3 g) of antibiotic prophylaxis (ampicillin/sulbactam) was administered 1 h before skin incision. Induction of anesthesia was achieved by administration of sodium thiopental 5 mg/kg and fentanyl citrate 4 mcg/kg, followed by a general balanced anesthesia with sevofluorane (MAC 0.8-1.2). Neuromuscular blockade was obtained with vecuronium bromide 0.1 mg/kg. Further, fentanyl citrate and vecuronium bromide were given when required. Mechanical ventilation was initiated using a volume-controlled mode with a tidal volume of around 8 ml/kg (ideal body weight), respiratory rate 12-16 breaths/min, inspired oxygen fraction (FiO 2 ) of 0.4, inspiratory time/expiratory time of 1:2, and a positive endexpiratory pressure (PEEP) of 4 cm H 2 O to standardize the effect of lung inflation on stroke volume variation (SVV), with a maximum plateau pressure of 25 cm H 2 0. Arterial cannulation was performed in all patients as part of standard monitoring. In the GD group, the arterial catheter was connected to the FloTrac sensor (model MHD8, Edwards Lifescience LLC) for SVV measurement (model MHM1E, Edwards Lifescience LLC). A central venous catheter was placed after pancreas exposure, depending on the type of resection (total pancreatectomy) and/or the need for longterm parenteral nutrition (high risk of acquired postoperative pancreatic fistula in duodeno-cephalo-pancreatectomy).
Perioperative management was performed according to our institution guidelines by anesthesiologists who were not involved in the study. Hemodynamic monitoring included measurements of mean arterial pressure (MAP), heart rate, and central venous pressure (CVP). Body temperature was routinely monitored with an esophageal probe and rewarming blankets, and fluid warmers were used to maintain an intraoperative esophageal temperature > 35°C for the entire procedure.
Intraoperative Fluid Management
Operative blood loss was estimated by weighing sponges and measuring the volumes collected in suction bottles and drains. Intraoperative fluid therapy was performed according to our institution protocols.
In the liberal group, fluid loss during surgery was replaced with a fluid regimen of 12 ml/kg/h, with additional fluid when required. Crystalloids (RIII, rehydrating electrolyte solution, Fresenius Kabi Italia III, Italy) and colloids-gelatins (succinil-gelatin, Gelofusine®-B-Braun Melsungen AG, D-34209 Melsungen, Germania) and 6% hydroxyethyl starch (HES-Amidolite®; B-Braun Melsungen AG, D-34209 Melsungen, Germania)-were administered in a 3:1 ratio. In the restricted group, colloids were infused at a rate of 4 ml/kg/h and blood loss was replaced volume to volume; 2 ml/kg/h of crystalloids was also administered in parallel. In the GD group, fluids were administered according to the SVV. Initially, crystalloids were administered for anesthesia induction; then, SVV was checked every 15 min: if > 13%, then boluses of 3 ml/kg of crystalloids and/or colloids in a 2:1 ratio were administered until SVV decreased to 13% or less. 11, 12 In all patients, packed red blood cells were transfused for acute bleeding, or when the hemoglobin concentration was < 7 g/dl. Fresh frozen plasma and platelets were administered whenever indicated.
Administration of inotropes and vasopressors was allowed when indicated and their use registered for data analysis.
Postoperative Management
All patients were extubated in the operating room at the end of the procedure. Postoperative fluid therapy was identical for all patients and managed on the surgical ward. From the first postoperative day, total parenteral nutrition and crystalloids were infused to obtain 25 kcal/kg/day and a total fluid intake of about 30 ml/kg/day, titrated to limit weight gain to 1.5 kg/ day for the first 2 days and 1 kg/day for subsequent days. A more liberal fluid strategy was adopted when needed (e.g., hemodynamic instability, hypovolemia, oliguria) to restore normovolemia. When the clinical condition was stable and edema was present, patients were treated with fluid restriction and furosemide. Enteral feeding was started as soon as possible (usually on postoperative day 2, except in the presence of a biliary/pancreatic fistula).
Postoperative pain was treated with morphine, tramadol, and paracetamol according to our institutional protocols. Antithrombotic prophylaxis was started 12 h after surgery and continued until full mobilization.
Endpoints
The primary endpoints were postoperative complications (including death). Secondary endpoints included the time to passage of flatus and/or feces, tolerance to enteral feeding, and hospital length of stay (LOS).
Postoperative complications were defined as follows: pancreatic fistula was defined according to the ISGPS system (grade B + C) with a drainage output of any measurable fluid volume on or after the third postoperative day with an amylase content greater than three times the serum amylase activity 1, 13 ; biliary fistula with a persistence of biliary drainage beyond the fifth postoperative day, confirmed by fistulography 1, 13, 14 ; and any abdominal collection visualized by ultrasound (US) or computerized tomography (CT) scan. Infections were diagnosed according to CDC criteria, and sepsis management was performed according to the Surviving Sepsis Guidelines. 15, 16 Diagnosis of myocardial infarction required an increase in creatine kinase MB isoform and troponin T, with a compatible electrocardiographic (ECG) alteration; 12lead ECG recordings were used to confirm atrial fibrillation and other arrhythmias. Pulmonary edema was diagnosed clinically and confirmed by chest X-ray or CT scan and/or echocardiography and specifically treated with diuretics or hemofiltration. Acute respiratory distress syndrome (ARDS) was diagnosed according to 2012 Berlin Definition, 17 and diagnosis of pulmonary embolism was made based on angio-CT evidence. Renal dysfunction was defined as a serum creatinine concentration greater than 1.5 mg/dl or an increase by more than 30% from baseline. Coagulopathy was defined as a platelet count < 100,000/mm 3 or prothrombin time > 1.5 times control or activated partial thromboplastin time > 1.5 times control and/or fibrinogen < 100 mg/dl.
Major postoperative complications included biliary or pancreatic fistula, abdominal collections, and hemorrhagic shock.
Statistical Analysis
Data were analyzed using SPSS 11.0 software (SPSS Inc., Chicago, IL, USA). There were no missing data. Results are expressed as median values with interquartile range.
Data were analyzed using Mann-Whitney U and chi 2 tests. All tests were two-tailed, and statistical significance was considered for a p value < 0.05.
Results
The study included 86 patients whose clinical data are presented in Table 1 . The three groups were similar for preoperative status and comorbidities, except that there are no diabetic patients in the GD group. Palliative interventions were included in the analysis and were more represented in the liberal group (five patients) than in the GD and restrictive ones (one and three patients, respectively). Whipple resection was the most common intervention, followed by splenopancreatectomy; the distribution of interventions was similar among groups; however, Whipple operation was more frequent in the GD group than in the liberal and restricted ones (21 patients versus 14 and 12, respectively). Surgery duration was comparable in the three groups.
The amount of fluids administered in the preoperative period was the same in all three groups. In contrast, intraoperative fluid administration was significantly different (Table 1) : the restrictive group received more colloids than the other two groups, but the liberal group received considerably more crystalloids and total fluids than the GD and restricted groups. Hourly urine output was significantly higher in the liberal than in the other groups (Table 1) . Three postoperative episodes of coagulopathy were experienced in the liberal group only, but the number of red blood cell transfusions was similar in the three groups. No patient required intraoperative vasoactive drug infusion.
The liberal group of patients received less intravenous fluid on the first postoperative day, but more fluids from the second day onwards; the total amount of fluids administered during the entire hospital stay was greater in this group than in the two others (p = 0.001) ( Table 1) .
No significant difference was found for both the passage of flatus and/or feces (p = 0.784), enteral feeding time (p = 0.729), and the length of hospital stay (p = 0.907) ( Table 1) . 
Endpoints
Twenty-three patients (27%) had at least one postoperative complication (excluding postoperative nausea and vomiting (PONV)). Patients who developed a postoperative complication were more likely to be male, to be assigned to the liberal fluid administration strategy, and to have had longer surgical procedures (Tables 2 and 3 ). These patients received more intraoperative crystalloids and more total fluids than other patients; furthermore, enteral feeding was started later in patients with complications and they had longer hospital stays. Major postoperative complications developed in 14 of 29 (48%) patients in the liberal fluid administration group, versus 5 (15%) and 4 (17%) in the GD and restricted groups, respectively (p < 0.05) ( Table 2) , with differences most marked for pancreatic and biliary fistulas. There was no significant difference between groups concerning the passage of flatus and/or feces, but both the time to start of enteral feeding (3 [2-4] versus 4 [3] [4] [5] days, p = 0.022) and the length of hospital stay (8 [7-10] versus 18 [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] days, p < 0.004) were significantly longer in patients with postoperative complications. There were no significant differences in the occurrence of PONV or other minor complications. No patient died during the duration of observation of the study (28 days).
Discussion
Our results in patients undergoing pancreatic resection show that patients who received intraoperative fluids with either restricted or GD protocols had a decreased incidence of postoperative complications compared to those who were managed with a liberal fluid strategy. Undoubtedly, being this an observational study, larger and randomized investigations are warranted on this domain to confirm these data.
Postoperative complication rate varies from 35 to 58%, and perioperative mortality is around 2-4% in reference centers. [1] [2] [3] [4] Advanced age, relevant comorbidities, and reduced performance status neoadjuvant therapies may predispose to complication onset. [1] [2] [3] In pancreatic surgery, the incidence of complications is around 45-53.4%, the most frequent being the pancreatic fistula (2-35%), postoperative hemorrhage, delayed gastric emptying, biliary fistula, and infectious complications. [1] [2] [3] [4] [13] [14] [15] Adequate intravascular volume is essential for maintaining cardiac output and thus maintaining adequate tissue perfusion. Effective resuscitation could also improve microvascular perfusion and tissue oxygenation. However, excessive fluids may induce edema, and thereby impair tissue perfusion. Hence, cardiac preload needs to be optimized but not necessarily maximized. 11, 18, 19 The hypothesis that excessive fluid administration could affect tissue healing was proposed in the 1990s 20 and prompted a series of clinical studies suggesting that restrictive fluid protocols could improve outcomes. For example, Brandstrup et al. 5 reported that fluid restriction for colorectal surgery decreased both cardiovascular and tissue healing complications compared to a standard fluid regimen. In patients undergoing knee arthroplasty or colonic surgery, Holte et al., 7 however, reported a trend towards increased morbidity in patients managed with a restrictive fluid strategy compared to a liberal one. Recent data on pancreaticoduodenectomy are in agreement with our results. 21 Controversies still exist in literature, 22 and it is difficult to compare the studies in this field for several reasons: first, a regimen labelled as restrictive in one study may be called liberal in another. Second, it is not always clear whether the studies are actually investigating hypovolemia versus normovolemia rather than comparing different fluid protocols. 18 Third, most of the studies that have compared fixed liberal to restricted fluid regimens had poor surgical standardization, 6 limited duration of surgery, and different surgical teams. 7, 23, 24 Finally, choosing the most relevant study endpoints is also a challenge: nausea and vomiting, pain, tissue oxygenation, cardiopulmonary disorders, need for surgical revision, duration of hospital stay, bowel recovery time, and mortality have all been considered. 19 More recently, GD fluid management guided by individual hemodynamic assessment has been associated with improved outcomes, including survival. 11, [21] [22] [23] [24] In our study, the use of restricted fluid and GD protocols was associated with a significantly lower incidence of complications than in the liberal group. Benes et al. 12 reported similar results when comparing a Bliberal^and a SVV-guided protocol in prolonged abdominal procedures, with fewer postoperative complications in the SVV-guided group than in the liberal group (11% versus 37%) ( Table 3 ). In their study, the study groups received similar amounts of fluid (1224 ml/h versus 1029 ml/h in the SVVguided and liberal fluid groups, respectively), but the SVV- guided group received more colloids than the liberal group (1425 ml or 465 ml/h versus 1000 or 297 ml/h, p = 0.003). Gan et al. 8 used esophageal Doppler to guide fluid management in a heterogeneous population of patients undergoing major general, urological, or gynecological surgery. The patients in the GD group had a reduced length of stay and more rapid tolerance to oral intake than the controls, but there were no differences in other complications (i.e., renal, cardiovascular, respiratory, and hematological). The total amounts of fluid received were similar, but Doppler-guided patients received more colloid (HES) fluids than the control group (847 ml versus 282 ml, p < 0.01). Similarly, Lopes et al. 9 reported that a delta pulse pressure (dPP)-guided method to infuse fluids in high-risk surgical patients results in more fluids, and especially more colloids, associated with a lower incidence of postoperative complications (from 75 to 41%) and a shorter length of hospital stay. Mayer et al. 25 also reported a lower incidence of postoperative complications (particularly infectious, cardiovascular, and renal) in a GD group using SVV to target fluid infusion in major abdominal surgery (20% in GD group versus 50% in control group). Again, there were no significant differences in the total amount of fluids administered, but the SVV-guided group received more colloids than the control group. However, when investigating whether variability in the pulse oximeter plethysmogram (pleth variability index (PVI), Masimo Set pulse oximeter) could guide intraoperative fluid management and improve tissue perfusion (lactate levels) compared to standard care in 82 patients submitted to major abdominal surgery, Forget et al. 26 reported no differences in the occurrence of hypotension or renal disease although the GD-PVI approach was associated with reduced intraoperative crystalloids and total fluid volume and with lower blood lactate levels during and after surgery (p < 0.05). Moreover, in a population of 179 patients undergoing major elective colorectal surgery in a single unit, Challand et al. 27 studied GD therapy based on the optimization of SV by esophageal Doppler monitoring: these patients received an additional 1360 ml of colloid, had a higher cardiac index at skin closure than the control group, and had longer hospital lengths of stay. Thus, in this study, SV optimization conferred no additional benefit over standard fluid therapy and was even detrimental. Several trials, although not all, 23, 28 have shown benefit when individualized, targeted oxygen delivery algorithms incorporating both fluid resuscitation and vasoactive drugs are applied to high-risk surgical patients. [29] [30] [31] [32] [33] [34] [35] [36] [37] The choice of fluids may be relevant. 24, 38, 39 Colloids have a higher degree of intravascular persistence and are associated with less edema formation. 39 The endothelial glycocalyx plays a key role in vascular integrity and may be destroyed not only by ischemia and surgery, but also by acute hypervolemia. 40 In a double-blind randomized controlled trial 41 comparing standard of care to GD-balanced salt solution (Ringer's lactate solution) and GD-HES strategies, the authors found that the standard and the crystalloid groups received more fluids (global and perioperative, respectively) than the colloid group, but had less complications and shorter lengths of stay than that the HES group. We found no significant differences in colloid consumption between the GD and the liberal fluid groups, although intraoperative administration of colloids was greater in the restricted group compared to the two other groups. It is, therefore, difficult to separate out the effects of fluid restriction from those of colloid administration.
Our study has some limitations: first, this was a singlecenter observational trial that included only patients undergoing pancreatic surgery. This could be seen as a weakness as well as a strength because they limit variability among the groups. Moreover, pancreatic surgery is a useful model to investigate the impact of fluid therapy in major surgery because of its complexity. Second, a sample size calculation was not performed as the study was planned to be a 5-month-long picture of our daily activity; our cohort is rather small, precluding various analysis, including regression models for adjusting the obtained results for known confounders. Therefore, larger and randomized studies are necessary to confirm our exploratory results. Third, due to the nonrandomized character of this study, some background characteristics were not equal in the three groups, albeit not significantly different: the GD group, indeed, did not include any diabetic patients, and Whipple intervention was more frequent in this group than in the others. This might have biased our results and should be taken into account. Fourth, we used only the SVV provided by the Vigileo-FloTrac system to manage the fluid administration in the goal-directed group. Nevertheless, SVV-guided protocols have been investigated by others for guiding intraoperative fluid administration, 12, 25 and invasive arterial pressure monitoring is standard of care for pancreatic surgery. Fifth, we applied tidal volumes a bit higher than recommended, 42 but this increases the accuracy of SVV as a guide for fluid management. 43 Sixth, our relative small group may be responsible for some of the results obtained, for instance for the absence of significant difference in the length of hospital stay and a wide interquartile range has to be acknowledged; this might justify future investigation on the subject. Last but not least, every patient fluid management was freely and subjectively chosen by the anesthesiologist responsible for the intervention, based on knowledge, habits, and PC device availability; despite the absence of significant differences in preoperative comorbidities, this could have obviously led to a bias in the collected results.
In conclusion, our results might suggest that in extensive abdominal surgery, strictly controlled perioperative fluid administration using either a restricted or SVV-guided fluid strategy could reduce the incidence of postoperative complications. This strategy may be therefore preferable to a conventional fixed-rate strategy using higher infusion rates, and larger and randomized controlled trials may confirm these data on this selected surgical population.
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